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Abstract
Interactions between enviionmentai conditions and management practices can significantly affect soil function, Soil qualityassessments may improve our understaiiding of how soils interact with the hydrosphere and atmosphere. This informationcan.thcn be used to develop management practices that improve the capacity of the soil to perform its vanous functions andhelp identify physical, chemical, and biological soil attributes to quantify the present state of a soil and detect changesresulting from management In protocols established by the Great Plains cropping system network, sampling and testingprocedures were selected to identify physical, chemical, and biological soil attributes responsive to management that mayserve as useful indicators in assessing the effects of management on the soil resource. Eight existing longterm studies fromthroughout the Great Plains in the central USA were used to make these assessments because, (I) many years are requiredfor certain soil properties to change measurably; (2) annual weather causes variation in system performance; and (3) the soilpoois of interest aie spatially variable. This paper includes detailed descriptions of the treatments and sites, and bothlongterm and short-term (l999—2002) data on precipitation, temperature, and yields for each location.
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soil to perform its various functions, and in identifying
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N. ,jard to quantify the present state of the soil and detect
changes in the state of t.he soil resulting from manacement,
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major research issue, Spec.i.f.caliy, emphasi.s was put on
research that provides baseline inforn.ation about the
utesent status f soils. hat determines. how manauemem
j.racti.cef affhbe soils, and t.hat developh useful indicators for
as sessi.ng the cun’ent status and detectinc changes resultin
trom

A number of physical, chemical, and biological soil
attributes have been roposed for usc ;n ;isSeSNine soil
quality Several Iwo or attributes have, been suggested for
ccniprising a minimum data set and. combinations of
attnbutc have been incuinoratci into :ndiccs havuc
t’’’tntud :‘‘!j sses5in;: 5ujliu no non ,uid munai’ement
imp icts’ ‘ Ms sy trid c us cc mu OLd v in uc so



LocationJsoil series

Akron, CO
Weld silt loam

Brookings, Si)
Barnes sandy clay loam

Bushland, TX
Pullman silty clay loam

Fargo, ND
Fargo silty clay

Mandan, NI)
Wdton silt loam

Mmd NE
Sharpsburg silty clay loam

Sidney, MT
Vida loam

Swift Current, SK
Swinton silt loam

Treatment

CON
ALT
CON
ALT
CON
ALT
CON
ALT
CON
ALT
CON
ALT
CON
ALT
CON
ALT

WW_Fi

M
C-C
C—SB--SW—A
WW SO--F
WW—wW
13W—P
OW—P
SW—F
SW—WW••-SU
C--C
C—SB--SO-OCL
SW-F
SW--SW
SW--F
SW-L
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in eastern South Dakota and western Minnesota and sinilar
to soils common to the northern Corn BeltSoil tests
conducted in the fall of 1989. using the methods of
Gelderman et aL9 revealed 165gkg’ organic matter,
extractable concentrations of 14,8 mgkgt N01-N,
9.2mgkg P (Olsen method), and l92mgkg1 K in the
top 26cm (ApI horizon) of the soil profile10.

The study included three main plot conventionally tilled
crop rotations (monoculture, 2-year rotation, and 4-year
rotation), each subdivided into three input level subplot
treatments. All crops in the rotation treatments we-re present
each year with three replications.

For soil nuality assessment, the coal muons corn
monoculture was selected as the CON treatment and
the corn--soybean [Glycine max (L) MerrJ-—spring wheat
(Triticum aestivwn L.) under-seeded with a.ifalfa (Mcdicao
sotiva L)—aifalfa 4-year rotation was selected as the
A.LT treatment (Table If Corn and soybean were pla.nted
with 76cm row spacing. Wheat and alfalfa were se.eded
with a drill. No chemical inputs (fertilizers. herbicides,
or insecticides) were applied to the 4—year rotation 1.2015.
Corn, soybean, and wheat were harvested at physiological
maturity (corn and soybean in. late Septerbeer or early
October; wheat in July) for grain and .stover yields. Alfalfa
wa.s harve.sted 2 or 3 times per year..

Corn yield responded differently to inputs de.pending on
whether it was grown in rotation with soybean or ri
monoculture. Corn yields were greater followme soybean
than in morioculture at an inlemiecliate lead of inputs hut
yields sere similar between the two systems at a high
lei’el of iuputs&. Pikul ci af reported that soybean y mid
fl( 1 1 V I g 1 1 it fi

cnN N I cit I. is. ation a.[tfc ted N in metal izat..icn w.itti Ii ,tmes I.

rmnerahzatmn rates observed in rotations that included alegume, especially alfalfa, and with a slight decline inrrnneralization rates with increasing N-fertilization rate’2,This study has shown that corn yields can be maintainedwith reduced inputs when the corn is grown in rotation withsoybean, soybean yields respond to starter N fertilizer, andmany soil properties improved when crops were grown inrotation,

Bush/and, TX: conservation /11/age and water
conservation

A tillage study was established ir, 19S3 on graded-tei’raced
watersheds at the USDA-ARS Conservation and Production
Research Laborator on a Pullman clay loam (fine,mixed, superactive., thermie Torrertie Paleustolfi asieAdlii

2 ‘ P artu very hUh Ksoil test levels, The objective of thi.s study was-t’dd-i-iiàre
ttie water conservation effects o.f no tiliage.-: apd- -.stu.bble—
rr’ilch t ltcee pr1cu1er ‘n ‘amer heat—or20 rii ‘corf
31cc/or (U) Moeech)--fai.Iow and conti.nu.o-us seat cro.pp
‘n sectors1 for so I r1ualns ascesctflent a tack his

f the wheat--sorghurn--fa.liow rotation watt soleered as the
CON treatment and continuous winter wheat- as the ALT
trc-atnien t, both on ler no-bliThe nlanagement Ta Ic- 1).

Sorghum was seedi din (276--rn rows in late /. Liv or early
Jul]e. Winter wheat was seeded in (230-rn rows using a
hoc—press grain drill when adequate moi ture wits present
from late -September to early November, Weeds were
controlled usi rig a combi na-I ion of broad-spect rt tnt antI pre -lant herbicides. The- plots received no fert-iiizers throut-h-

ar-vested at grain tuattirity typically in late. June or eat-A
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Tillage

Sic ep (fallow)
No tillage
Chisel plow and disk
Chisel plow and disk
tto tillage.
No tillage
Fall plow
No tillage
Chisel plow and
No tillage
Tandem disk,
Tandem disk.
Tandem disk
No tillage
Chisel plow and harrow
Chisel plow and harrow

Varied = N fertilizer application rate based on soil test results.
Abbreviations: A = alfalfa, C = corn, OW = durum spring wheat, F summer fallow. L = lentil, M = proso millet, 0CC oat -+clover, P field pea, SB soybean, SO sorghum, SU sunflower, SW = spring wheat, WW winter wheat.
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mwqcd ouls h bLink idL tioii tLrtl liz,. r iTilin
niu.rn n.i.trate) was broadcast iii late April prior t.o se.eding
prim wht n ‘i id M is mci sunfloser ii ite \Fs For

svinter vheat.N’ erulizer aas applied at the same IHUC
as for spring wheat.. Winter w heat, spring wheat, and
sunflower were harvested at physiological maturity in early
Auttust, mid-August. and mid-October, respectively, to
determine grain and straw yield. Details on soil character
ization and management information are provided by Black
and Tanakfo’,

Jr. the wheat—fallow system, yield responses to N
fertilization occurred in years where spring soil N(35-N
was low, Cultivars were not consistent in their response to
N fertilization or tiliage. Siieht yield reductions were
observed in no-tillage and minimum tillage when compared
to CON tillage in some of the years25. With annual
cropping, grain yields did not respond to tillage or N
fertilization when plant available water was <3(X)nirn
When plant available water was 300-400 mm, grain yields
were greater with no-tillage than with CON or minimum
tillage. When plant available water exceeded 400mm grain
yields were greatest under CON tillage24.

In the 0—S-cm depth, N-mineralization rates were greater
in the fallow phase than in the crop phase of the wheat—
fallow system, were greater in the spring wheat phase of the
annual cropping system than in the spring wheat phase of
the wheat—fallow system, and were greater in the spring
wheat and sunflower phase than in the winter wheat phase
of the annual cropping system. In the 5—15-cm depth,
N-mineralization rates were greater in the annual cropping
system than in the wheat—fallow system25.

As tillage intensity decreased, soil organic C sequestra
tion increased in the annual cropping system. In the annual
cropping system, no-tillage resulted in the sequestration
of 233 kg C ha y rrinimnuin tiliage resulted in the
sequestration of 25kg. C ha’ yr°. and CON tmllage
resulted in the loss of 141 kg C ha’ yr - Soil organic C
was lost from all tillage treatmcuts in the crop—fallow
system. Nitrocen-feti.Iizcr rates did not ailed soil
organic

This study demonstrated that eonseatiou tillage and
SOflOOl srOnpinp conid replace crop—fallow - Elmninadon
of crop—fallow and use. -cirsei-vijtjon tiliagc resulted
in higher annualized grain yields, higher utilization of
tertlizcs NI tmpmoved c-cling of N. and sequestration of C
in 5011 organic matter.

Meacf NE: crop rotation for increased SOM
levels, and N and precipitation use efficiency

INc cxpcrmient sans astar’iished in 2 d2 on t1ieAronot
harni at the lJmversmty of Nebraska Agricultural Research
and Development Center near Mend, NE on a well-drained
Sharpshurg silts: alas ionml. tine, smectitic. niesc 1 \5iC
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Studies for soil quality assessment

production is reduce.d and organic matter declined in all
rotations. In normal and above normal precipitation years,
ads.quate .fe.rtil.tza..tion a.nd rnr.imi•.zation of the use of fallow
resu.lte.d in m.ainten.ance or accru .1 of soil organic matter.
This lonterzn study has provided a wealth of information
regarding crop rotation effects on soil physical, chemical,
and hiolosical properties, potential environjncnta.l impacts
associated with cropping practices, and agronomic and
economic performance of these cropping systems.

Opportunity Research

These sites have been used for a numher of studies hut not
within the oneinal objectives. At Akron, Bowman cE 5ii.

determined that annual cropping increased the soil organic
matter by 2.0% and particulate organic matter hy 100%,
and soluble organic C by 33% in the 0—5-cm depth when
compared to wheat-—fallow, However, inclusion of sun—
flower in a rotation resulted in lowe.r particulate organic
matter arid total soil organic matter concentrations in the
0—5-era depth Bowman et a]. k, Bowman and Halvorson4’
found that P availability increased in the 0—5-cm depth
with annual cropping, likely due to increased P recycling in
residue and litter in the more intensive systems. Wright and
Anderson” used soils from treatments differing in cropping
intensity to determine that aggregate stability and glomalin
(a glycoprotein produced by mycorrhizal fungi) concentra
tion were positively correlated and increased as cropping
intensity increased.

At Mandan, Merrill et al49 measured changes in
aggregate size distribution from fall to spring, quantifying
over-winter processes that affect soil susceptibility to wind
erosion soil losses. Wind erosion lossea from the various
tillage treatments were also estimated during a drought
cycle50. Yield reductions during severe drought were so
great that residue lOvels, even with no-tillage, were
insufficient for protecting the soil from wind erosion. The
effect o:f drought on root growth of cereals was also studied
by Merri.ll et aL51, Use of a no-tiliage system resu.lted in
greater root .length growth and depth of rooting in spring
wheat when compared to a CON tiflage system This
enhanced root growth resulted in greater above-ground
growth i.n 2 of the 3 years. When soil organic C results were
corn.hined with a suite of physical, chemical, and biological
soi,l attributes, Wienhoid and Halverson2 concluded that
annual cropping resulted in.. improved soil quality whe.n
compared to crop—fallow and that soil quality Improved
as tillage intensity decreased, DeVoyst and Haivorson
compared economic efficiency among the systems
Mandan and found crop—fallow a.nd CON tillege in an
annual croppinp system to tie less efticient alan Cf tN
tillar’c m an annual croppine system, Thee last two
stude-.dcnionstrared that C( )N tillace and annual
croppine imrroved both the sot! resource and the
or.iducei’ s income,
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